The antipruritic effect of acupuncture was studied using a rat model of hindlimb scratching. After acupuncture or electroacupuncture (EA), which was conducted for 30 min, itch-associated behavior was induced by an intradcnnal injection of 2% serotonin (20/¿í) into the rostral back, and then numbers of scratching bouts were counted for 60 min. During the first experiment, acupuncture stimulations were applied to several different points. However acupuncture significantly reduced numbers of scratch ings only when applied to cervical dermatomes. In the second experiment, plain acupuncture, or 2llz, or I20Hz HA were applied to acupoints LI 11 and LI 4, at which acupuncture stimulation produced the greatest antipruritic effect in the 1st experiment, and as serotonin was administered in the same manner described for the 1st experiment. Results showed that 2Hz HA stimulation tended to increase pruritic bouts by approximately 18% versus the animals treated with plain acupuncture, whereas l20Hz EA stimulation tended to decrease pruritie bouts by approximately 39% compared with animals subjected to plain acupuncture. When nor-binaltorphimine (a K-opÍoid receptor antagonist) was prelrealed to elucidate the relation between tc-opioid receptor and the antipruritic effect of 120Hz EA, it was found to markedly inhibit the antipruritic cfTect of 
Introduction
Itching, or pruritus, is a sensation that provokes a desire to scratch, and is the most common symptom of cutaneous diseases, such as atopic dermatitis, contact dermatitis and urticaria. Furthermore, it accompanies several systemic disorders, such as chronic renal failure and biliary cirrhosis. The underlying mechanisms of pruritus are unclear, but when a subset of specialized Cfibers, that originate superficially in the skin are stimulated by a pruritogen. impulses are conveyed to the dorsal hom of the spinal cord, spinolhalamic tract, thalamus, and on to the somatosensory cortex. These C-fibers are anatomically identical to those associated with the mediation of pain, but are functionally distinct. The C-fibers that mediate the itching sensation comprise about 5% of the afferent C-flbers in human skin nerves, and respond to histamine and other pruritogens. but are insensitive to mechanical stimuli [!] . Itching and pain are clearly distinct sensations that originate in the peripheral and central nervous systems, but nevertheless, the peripheral and central sensitizations of pain and itching exhibit striking similarities, ln one study, repetitive noxious heat and scratching were found to inhibit pruritus [2j. Thus, indicating that itching can be reduced by paindil stimuli, and conversely suggesting that analgesia might reduce this inhibition and thus enhance itching [3] . Acupuncture has long been used in the Far East to treat various diseases, including pain, with few side effects, and currently is being viewed as a new altemative method of treatment in the West [4.5.6] . Studies on the mechanism of electroacupuncture (EA)-Índuced analgesia have revealed the roles of endogenous opioid peptides in the CNS. and other studies have demonstrated that different types of neuropcptides arc released by EA [7.8,9] . Moreover, several studies have showed that low-frequency EA stimulation increases endomorphin, ß-endorphln, and enkephalin levels, and that high-frequency EA stimulation increased dynorphin levels [9] . Whereas endomorphin is considered a pure )i-opioid receptor agonist [10] and dynorphin a relatively pure K-opioid agonist [II], enkephalin and ß-endorphin are mixed fi and ö opioid receptor agonists. It is known that acupuncture has an antipruritic effect and that this effect may be related to a spinal segment-associated inhibitory mechanism 122]. In the first experiment, plain acupuncture was applied to different points in several dermatomes including the same and adjacent dermatomes to 5-MT injection sites to identify whether Ihe mechanism of acupuncture involves spinal segment-associated inhibition in a 5-HT-induced rat model of pruritus. In the present study, because 5-HT solution {2% and 20//Í) was injected once intradermally into the rostral back, some adjacent dermatomes were also afiected. Thus, the intrasegmcntal treatment administered during the present study probably affected the targeted dermatome and adjacent dermatomes. \n the second experiment, the effects of low-and high-frequency EA on scratching behavior were compared using the acupuncture points found to be most antipruritic in the 1st experiment. To elucidate the relation between K-opioíd receptor and the antipruritic elTect of high-frequency EA, an additional experiment was conducted involving the subcutaneous injection of a tc-opioid receptor antagonist.
Materials and Methods

Subjects
Male Sprague-Dawley rats weighing 250-350g were used in the experiment. Animals were housed in a room under controlled conditions of 25±2t:. lights on 08:00-20:00 h. Eood and water were made freely available. Hair was clipped from 5-HT injection sites one day prior lo injection. 
Acupoints and S-HT Injection Sites
Fig. 1: LI 4 is located on the first dorsal inlerossei (medial to the middle of the second metacarpal bone) in the forefoot. LI 11 is located at the depression medial to the extensor carpi radialis (at the lateral end of cubital crease). ST 36 is located at the proximal one fifth point on the line from ST 35 (at the depression lateral to the patella ligament) to the anterior side of the ankle crease. SP 6 is located at the proximal endpoint of the distal one fifth on the imaginary line connecting SP 9 (at the depression inferior to the medial condyle of ihe tibia, between the tibia and gastrocnemius) and the medial malleolus ofthc ankle [23] . Rostral Back: two points on the nape of the neck. Caudal Back: two points on the lumbosacral region.
The above preliminary experiment showed that acupuncture at the LI 11 and LI 4 points had greatest antipruritic effect, and thus, these points were used in the 2nd experiment to compare the effects of plain acupuncture, and low-and high-frequency EA. Rats were allocated to the following five groups and treated as follows: I) ID saline (n=9), ii) ID 5-HT (n=10). iii) plain acupuncture followed by ID 5-HT (n=9), iv) 2Hz EA stimulation + ID 5-HT (n=8). v) 120Hz EA stimulation + ID 5-HT (n=8). In the 2nd experiment, the LI 11 and LI 4 aeupoints were treated unilaterally because these treatments had the greatest antipruritic efTects in the Ist experiment (Fig. 3) . To elucidate the relation between K-opioid receptor and the antipruritic effect of high-frequency EA, the following two groups were added to the 2nd experiment: i) t20Hz EA stimulation ^ ID 5-HT, 24 h after a subcutaneous (SC) nor-binaltorphimine lOtiig/kg Injection in the caudal back (n=6), and ii) ID 5-HT, 24 h after a SC nor-binaltorphimine lOmg/kg injection in caudal back {n=6).
Drugs
Serotonin hydrochloride (5-HT; Sigma) was dissolved in sterile physiological saline (0,9% NaCl) at a concentration of 2% (94 mM) and 20//f was injected intradermally. This concentration was selected because it had been reported to elicit the greatest number of scratching bouts (Jinks and Carstens. 2002) , and the 20/¿?. volume was selected because it too showed greatest pruritogcnic effect in a preliminary study, in which we examined the effects of injection volumes of 10, 20, 30, 40/¿f (data, not shown). Nor-binaltorphimine dihydrochloride (nBl\ locris) was dissolved in physiological saline at a concentration of 1% and O.liiif/lOOg body weight (lOnig/kg) was SC injected into the caudal back, 24 h before EA stimulation [16] .
Acupuncture and EA stimulation
Rats were restrained in a holder and stainless-steel needles of 0.40nim diameter were inserted into the target points in each group to a depth of 5iimi and were left in place for 30 min. For EA. trainpulses (2 or 120Hz) were applied to the needles for 30 min. The electrical current was carefully controlled such that rats were eomfortable during tbe EA stimulation. The rats in the control group were also restrained in the same holder for the same length of time until the ID 5-Hr injection. Fig. 2 : Typical waveform of pulses from the pulse generator Axes were adjusted to accommodate waveform: divisions =^ IV, 60(is for 2Hz pulse, and IV, 20^s for l20Hz pulse. Asymmetric biphasic square waves are alternating in poiarity to make net dc current zero so as not to damage any tissue [24] . The electrostimulator has independent two frequency controls with different pulse frequency range, and pulse width is 150 (is in low frequency range, and 50 fis in high frequency range. Voltage was controlled between 3V and 6V such that rats were comtbrtable and do not squeak but weak muscle twitches were induced and continued during 30 min.
Intradermal injection of 5-HT and .scratching behavior
After the 30 min period of acupuncture or BA stimulation, 5-HT solution was injected ID into the rostral back. In the group that was treated acupuncture stimulation over the 5-HT injection site, the 5-HT solution was injected into the skin between the two needles. After needles were removed, rats were immediately placed into an observation chamber and videotaped from above using a digital video camcorder for 60 min; no experimenter was allowed in the observation room during this period. As described previously [18] . one or more scratching movements by a hind paw was defmed as a scratching bout, which ended when the rat either licked its hind paw or placed its hind paw back on the floor. Fach bout consisted of rapid back-and-forth movement of the hind paw across the rostral back.
Counting and statistical analysis
The total number of scratching bouts during the 60-min observation period was counted for each animal. Statistical comparisons were made using the unpaired /-test, or one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison. P values of <0.05 were considered significant. Data are presented as means ± SEM.
Results
Acupuncture stimulation to a hindlimb or caudal back did not significantly influence the number of scratching bouts evoked by an intradermal injection of 5-H f into the rostral back. However, stimulation of the forelimb or the 5-HT injection site significantly decreased scratching bout numbers (Eig. 3), which implies that the spinal segment [25] may be related to the mechanism underlying the antipruritic effect ofacupuncture. Hind Limb Scratching Bouts / Ihr In the I st and 2nd experiment, treatment at LI II and LI 4 significantly decreased scratching bout numbers in 5-HT treated rats. Furthermore, it is considered that spinal segments are probably related to the mechanism underlying the antipruritic efFect of acupuncture [22.25] . The aim of the 2nd experiment was to compare the elTccts of plain acupuncture and 2Hz and 120Hz EA stimulation in terms of their therapeutic effectiveness. Although comparisons between the effects of plain acupuncture and 2Hz and 120HÍ; EA stimulation revealed no statistical differences, these results showed an interesting tendency, namely that 2Hz EA stimulation slightly counteracted the antipruritic effect of acupuncture, i.e.. 2Hz EA stimulation increased scratching bouts by approximately 18% versus the plain acupuncture group. On the other hand, 120Hz EA stimulation tended to augment the antipruritic effect of acupuncture, i.e.. l20Hz EA stimulation decreased scratching bouts by approximately 39% versus the plain acupuncture group (Fig. 4) . To elucidate the relation between ic-opioid receptor and the antipruritic elTect of l20Hz EA Stimulation, nBT (a K-opioid receptor antagonist) was pretreated 24hr before the l20Hz EA Stimulation, and was found to maricedly inhibit the antipruritic effect of l20Hz EA (Fig. 5) .
Effects of a subcutaneous injection of nor-binaltorphimine on anti-pruritic elTect of high-frequency EA. Data are presented as means ± SEM (n=6). * p<0.05, ** p<0.0\.
Discussion
Acupuncture and EA stimulation have been used clinically to treat pain [26, 27] and pruritus [22, 28, 291 . Itching and pain exhibit similar patterns of central sensitization, and knowledge of the antagonistic interaction between itching, pain, and other similar sensitization processes has major implications for antipruritic therapy [30] . The antagonistic interaction between itching and pain is already exploited in pruritus therapy, and currently research continues lo focus on the identification of common analgesic and antipruritic therapeutic targets [31] .
In the 1st experiment of the present study, acupuncture stimulation to the same dermatome or a nearby dermatome, but not to remote dermatomes, decreased scratching bouts. Although it is known that painful stimuli, such as, scratching and cooling, can inhibit Itching [32, 33] , no significant reductions in scratching bout numbers were observed in the present study when acupuncture stimulation was applied extrasegmentally. These results are consistent with those of an early study on healthy human volunteers in 1987. in whom acupuncture ¡ind EA stimulation significantly reduced subjective itching intensities when applied intrasegmcntaily, but had no significant effect when applied extrasegmentally ¡22]. which suggests that the anlipruritic effect of acupuncture may be related to a spinal segmental inhibitory mechanism. The 2nd experiment showed that the releases of neuropeptides induced by low-and highfrequency EA stimulations had effects that were similar to those of agonists of ^-and K-opioid receptors on 5-HT evoked pruritus in rats. In previous studies, it has been shown that the activation of ji-opioid reecptor by morphine (a ^i-opioid receptor agonist) induces pruritic behavior |34], whereas naltrexone or naloxone (both )j-opioid receptor antagonists) inhibited thi.s behavior 114.35]. It has also been shown that the scratching induced by compound 48/80 is suppressed by IJ-50.488H (a K-opioid receptor agonist), but exacerbated by nor-binaltorphimine (a K-opioid receptor antagonist) [36] . Butorphanol (a K-agonist and ^-antagonist) was reported to effectively treat patients with chronic, severe intractable pruritus due to inflammatory skin or systemic disease [37] . !t was also found that increases in endomorphin. ß-endorphin, and enkephalin by low-frequency EA stimulation activate mainly ^-opioid receptor, and that increases in dynorphin induced by high-frequency EA stimulation activate K-opioid receptor [38] . Thus, we expected that the activation of ^i-opioid receptor by low-frequency EA stimulation would aggravate pruritus, and conversely, that Ihe activation of K-opiold receptor by highfrequency EA stimulation would inhibit pruritus.
In the 2nd experiment, comparisons of plain acupuncture stimulation, and 2Hz and l20Hz EA stimulations at LI 11 and LI 4, revealed no statistical dlfíerences. but showed an interesting tendency (Kig. 4). It was found during the 1st experiment that plain acupuncture stimulations on the same dermatome or dermatome adjacent to pruritogen injection sites have significant antipruritic effects (Fig. 3) . Ihe 2Hz and Í20H/-EA stimulation groups were stimulated at the same acupoints of LI 11 and LI 4 at the same depth, and for the same time, and thus Ihe only difference was that of frequency. Nevertheless, the difference between the two was marked. I he mean number of scratching bouts in the 2Hz group (57.13) was signifieantly greater than in the l20Hz EA group (29.75) . Demonstrating that frequency of EA stimulation importantly determines the antipruritic effect of EA.
Our additional experiments with subcutaneous nBT (a K-opioid receptor antagonist) showed that the antipruritic effeet of high-frequency EA is related to ic-opioid receptor. This administration of nBT inhibited the antipruritie effect of high-frequency EA by antagonizing the activation of Kopioid receptor.
Conclusion
Acupuncture was found to reduce scratching behavior when applied lo points in the same dermatome or to a dermatome adjacent to a pruriiogen injection site in rats. The activation of ^i-opioid receptor by low-frequency EA stimulation slightly counteracted the antipruritic effect of plain acupuncture, whereas the activation oí K-opioid receptor by high-frequency EA stimulation augmented the effect of plain acupuncture. Thus, our findings suggest that the effectiveness of acupuncture as treatment for pruritus is enhanced when high-frequency EA stimulation is performed in the dermatomes of affected sites or in adjacent dermatomes. Further studies on the interaction between pain and itching, and on the antipruritie mechanisms of acupuncture, are required.
